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Cavity-nesting birds can save time and energy by reusing old cavities. We studied 
cavity reuse and its connections to nesting success and timing in the three-toed wood-
pecker Picoides tridactylus in a 170-km2 area in southern Finland during 1987–2015. 
The data include 520 nest trees, 645 nest cavities and 833 nestings in 86 territory sites, 
including 211 cases of cavity reuse. Twenty-five percent of nestings was in previously 
used cavities. Twenty-eight percent of cavities and 25% of nest trees were used more 
than once. Reuse improved nesting success and facilitated early nesting in the year 
following first nesting. Reuse of nest trees with several cavities was observed in 15% 
of nest trees, and 62% of reused cavities were in those multi-cavity trees. Cavity reuse 
and multi-cavity trees were most abundant in long-term territories with stable habitats. 
In boreal forests, cavity and tree reuse can be an important adaptation allowing effi-
cient nesting during a short breeding season.
Introduction
Safe nest sites are of great importance for suc-
cessful breeding of birds (Collias 1964, Hansell 
2000). Cavities are preferred as nesting sites by 
many species, and cavity nesting species can 
use considerable amount of energy for exca-
vating or improving suitable nest holes (Short 
1982, Newton 1994). Time available for breed-
ing is, however, limited, especially in north-
ern latitudes, and cavity-excavating species can 
save time by reusing old nest holes. Obviously, 
cavity-excavating bird species are likely to face 
a trade-off between excavating a new cavity and 
reusing an old one, and the decision depends 
on, e.g., population structure or different risks 
such as predation, competition and ectoparasit-
ism (Short 1979, Aitken et al. 2002, Wiebe et 
al. 2006, 2007, Mazgajski 2007a). The use of an 
old cavity may also be beneficial because wood-
peckers have previously found it structurally 
sound, its location is advantageous for feeding 
or previous nesting attempts were successful 
(see Aitken & Martin 2004, Wiebe et al. 2007). 
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The advantage of reusing a cavity for nesting, 
however, varies in time, and also the physical 
properties of the cavity and nest tree change 
(Wiebe 2001, Mazgajski 2007b, Edworthy & 
Martin 2014).
In this study, we investigated the abundance 
and patterns of nest and tree reuse in the three-
toed woodpecker Picoides tridactylus; the spe-
cies is generally considered to excavate a new 
cavity every year (Dementiev & Gladkov 1966, 
Glutz & Bauer 1980, Cramp 1985, Winkler & 
Christie 2002, Wiebe et al. 2006). The three-
toed woodpecker has a wide northern range of 
distribution that corresponds largely with that 
of spruce (Picea spp.) and larch (Larix spp.), 
and it prefers mature and mixed conifer for-
ests (Dementiev & Gladkov 1966, Winkler & 
Christie 2002). The species favours forests with 
a good proportion of recently dead and dying 
trees, including fallen logs (Hess 1983, Pechacek 
1995, Ruge et al. 1999, Bütler et al. 2004). 
The whole year around its diet predominantly 
consists of insects, mainly conifer bark bee-
tles (Coleoptera, Scolytidae) or longhorn beetle 
larvae (Coleoptera, Cerambycidae) (Dementiev 
& Gladkov 1966, Glutz & Bauer 1980, Pechacek 
& Krištín 1993, 1996), and the species also 
prefers dead or dying trees for nesting (e.g. 
Ruge 1974, Hågvar et al. 1990, Stenberg 1996, 
Pechacek 2001, Wesołowski 2011).
The cavity and tree reuse by the three-toed 
woodpecker is so far poorly known. Thus, in this 
study, we first explored and documented general 
patterns of the cavity and tree reuse by three-toed 
woodpeckers, using exceptionally long-term and 
large-scale spatially explicit data. After that we 
looked more closely at some specific hypotheses 
that traditionally used to explain general cavity 
and tree resuse patterns in birds, as indicated 
above. The following hypotheses were studied:
1. We hypothesized that cavity reuse provides a 
seasonal advantage for breeding pairs because 
time needed to excavate a cavity can be spent 
to other reproductive activities. If this was 
the case, there should be a systematic differ-
ence in the initiation of breeding (egg-laying) 
between fresh and reused cavity breedings.
2. We predicted that breeding success is higher 
in reused cavities. If this was the case, there 
should be a predictable effect of reuse on 
offspring number or survival. The most 
likely explanation would be the saved time 
and resources, thus available for raising off-
spring.
3. At the population level, tree reuse may be 
spatially variable, reflecting some environ-
mental variation in habitat characteristics. If 
there were spatial patterns in the occurrence 
and frequency of reuse of cavities and if the 
reuse was connected to breeding success, we 
would expect that reuse of cavities and trees 




The study area is located within the southern 
boreal vegetation zone in the municipalities of 
Hämeenlinna, Padasjoki and Asikkala in south-
ern Finland (around 61°15´N, 25°03´E; Fig. 1). 
With a total area of 170 km2, the study area is 
dominated by mature, mostly managed conifer-
ous forest stands combined with a mixture of 
stands of different ages and several, usually 
small, oligotrophic lakes. Human settlements 
in the area are scarce. The study area is also 
characterized by a relatively high small-scale 
topographic variation that has formed the forest 
landscape spatially as a mosaic of dry and moist 
forest habitats. Small prescribed silvicultural 
burnings were carried out in the area during the 
study period. The central part of the study area 
contains a few conservation areas with mature 
forests and buffer zones where various actions 
to restore especially moist spruce forests, and 
to increase the amount of dead wood, were car-
ried out during the last 20 years. An introduced, 
local population of the North American beaver 
Castor canadensis has lived in the study area 
for over 50 years (Lahti & Helminen 1974); it 
actively modifies lowland areas by flooding and 
increasing the amount of dead and decaying 
trees. In central parts of the study area owned by 
the state (about one third of whole study area), 
commercial forestry was suppressed to some 
extent during the last 10 years; e.g. fallen trees 
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were mostly left in the forest, and the above-
mentioned restoring activities were carried out in 
various places of the area (Nordström 2015). On 
the other hand, clear-cut logging of mature, for-
merly relative continuous forest areas increased 
in the study area. Harvest was quite intensive in 
private-owned areas around the state-owned area 
during the last 15 years.
Three-toed woodpecker nest surveys
We searched for three-toed woodpecker nests 
within the study area annually during the years 
1987–2015. Annual nest censuses typically lasted 
from early April to the middle of July. They 
included systematic mapping of active territories 
within the study area before the breeding season 
with efforts to locate the most potential nest-
ing sites by observing the behaviour of wood-
peckers and searching of nests during the entire 
breeding season. Within each territory site, nest 
searching was continued with systematic map-
ping of all potential sites if the behaviour of the 
woodpeckers indicated nesting. However, most 
effort was allocated to cavity-excavation and 
nestling periods when detectability of nests was 
better than during the egg-laying and incubation 
phases when visits to nest sites were limited also 
to avoid excess disturbance. Many nests were 
detected in cavity-excavation phase, but several 
nests, especially those located high in living 
trees, were not found until the nestling phase. 
Nests found were regularly followed during the 
breeding season usually by visiting them once in 
1–2 weeks. During the expected fledging time, 
the nests were visited more frequently, to esti-
mate the timing of nesting more exactly. In 
territories where the nest had not been found, 
we looked for fledglings to confirm nesting and 
to estimate its timing. All these censuses were 
done by the first author except during 2003–2008 
when an intensive population study of the three-
toed woodpecker with radio-tracking and colour-
ringing was conducted within the study area and 
an additional team of five persons was involved 
also in the nest surveys (see Acknowledgements). 
Inaccuracy and bias of three-toed woodpecker 
censuses and their possible effects on the results 
are discussed in the Appendix.
Fig. 1. Location of the study area in southern Finland 
(around 61°15´N, 25°03´E; top) and the study area 
(bottom) with core ( ) and other ( ) territories of the 
three-toed woodpecker during the study period 1987–
2015. Territory sites (n = 86) were divided into two site 
classes based on occupancy measures (core territory 
sites: n = 34, all occupancies > 90% with mean occu-
pancy 0.97; and other territory sites: n = 52, all occu-
pancies < 60% with mean occupancy 0.33). Lakes are 
dark gray and agricultural areas are light gray. Other 
areas consist mostly of forests. Roads are marked by 
thin lines. Note that the map does not show the com-
plete distribution or all territory sites of the three-toed 
woodpecker, because only territories with active nest-
ings observed were included in this study. 
Nest and nest tree data
Locations of the nest trees were mapped and old 
nest trees and cavities were checked during each 
following study year to get information about 
their possible reuse by the three-toed wood-
pecker. Old nest trees were annually monitored 
in connection with nest surveys (see above) from 
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the first year of three-toed woodpecker nesting 
until the trees were not suitable for nesting (tree 
fallen, broken, logged, nest cavity damaged).
The final data set included only those cases in 
which the three-toed woodpecker most certainly 
reached at least the egg-laying phase (called here 
‘active’ nests and nestings), i.e. nesting attempts 
interrupted during excavation — although they 
included a seemingly complete nest cavity — are 
not included in these data. During the study, a 
total of 520 nest trees with 645 active nest cavi-
ties and 833 active nestings were detected during 
6200 observations which included annual infor-
mation on each nest cavity measured. All these 
data were gathered by the first author.
Data of nest and tree reuse
Data of nest reuse include observed active nest-
ings either in old cavities made by the three-toed 
woodpecker itself or in other cavities. During 
the study, 211 cases of nest cavity reuse by the 
three-toed woodpecker were detected, consisting 
of 195 cases of nest reuse of its own cavities, 11 
cases of nesting in old cavities of the great spot-
ted woodpecker Dendrocopos major and 5 cases 
of nesting in nest boxes.
Nest trees were divided into single- and multi-
cavity trees. Only trees with more than one active 
three-toed woodpecker nest cavity observed 
(fresh or reused) during the study period were 
classified as multi-cavity trees. Same nest tree 
was never used more than once during any single 
year. According to this classification, there were 
78 multi-cavity nest trees in the data.
Data on territories and territory sites
The number and locations of three-toed wood-
pecker territories within the study area were 
investigated by mapping censuses that annually 
covered the breeding period from late March to 
early July (Pakkala et al. 2002, 2006). Annual 
territory locations and approximate borders were 
defined using information on woodpeckers and 
their nest sites. All annual data were then com-
bined to estimate territory sites for the total study 
period. Additional field observations of locations 
and movements of individually marked three-
toed woodpeckers within the study area in 2003–
2010 were used to help in defining the borders 
between territory sites. Altogether 86 territory 
sites were defined within the study area during 
the study period (Fig. 1). All territory mappings 
were done by the first author.
Annual observations of nest trees within ter-
ritories were combined to calculate the total 
numbers of multi-cavity trees and active nestings 
as well as the proportions of nestings in multi-
cavity trees and in reused nest-cavities for each 
territory site.
Data of nesting success and timing of 
nesting
Nesting success was estimated as the proportion 
of successful active nestings to all active nest-
ings at each study scale (nest cavity, nest tree, 
territory site). The nesting was classified as suc-
cessful, if large nestlings ready to fledge soon or 
fledglings with adults in the vicinity of a recent 
active nest cavity were observed.
We compared timing of successful nesting 
among various types of cavities and in fresh 
cavities between single- and multi-cavity trees. 
Each study year was tested separately. Because 
the exact start of nesting was difficult to obtain, 
it was assessed for the same study year using 
the information on the size of nestlings at cer-
tain times during the breeding season and the 
observed and estimated dates of fledging. Instead 
of using estimated calendar days, all annual nest-
ings were ranked with respect to each other. The 
annual significance of differences in timing of 
successful nesting among (i) fresh cavities, (ii) 
reused cavities with nesting in the successive 
year after the fresh or reused cavity, and (iii) 
reused cavities with a time-lag of two years or 
more after the previous nesting was evaluated 
with a Kruskal-Wallis test. Pairwise comparisons 
between the years were carried out using Dunn’s 
test (Dunn 1964) with p values adjusted for 
multiple comparisons with the Bonferroni cor-
rection. The differences in timing of nesting in 
fresh cavities between single- and multiple-cav-
ity trees were evaluated with a Mann-Whitney 
U-test.
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Correlations between nesting success and ter-
ritory characteristics were tested using Spearman 
rank-order correlation.
To study the timing of nesting, the highly 
comprehensive data from whole study area col-
lected in 1996–2015 were used. This data subset 
included a total of 568 successful nestings. All 
the data on breeding success and timing of nest-
ing were gathered by the first author except 
during 2003–2010 when additional information 
about the active ringing of the nestlings within 
the study area was also used.
Territory site measures
We used the proportion of years with territorial 
behaviour or nesting detected of all census years 
in a defined territory site as a measure of territory 
site occupancy. Territory site quality was meas-
ured as a proportion of years with active nestings 
detected to all census years with territorial behav-
iour or nesting detected at a defined territory site. 
These definitions of occupancy and quality are 
straightforward and the occupancy and quality 
values easy to calculate from the data, and they 
are relatively comparable between different sites 
because of standardized census efficiency (but see 
the next section). Moreover occupancy describes 
the overall suitability, and quality the total pro-
ductivity of the territory site during the study 
period. It is likely that these measures combine in 
ecologically meaningful way the effects of forest 
quality, fragmentation and isolation that are not 
often easy to deduct from the available data.
Territory sites were divided into two classes 
based on territory occupancy measures: (1) 34 
core territory sites, all occupancies > 90% (mean 
occupancy 0.97); and (2) 52 other territory sites, 
all occupancies < 60% (mean occupancy 0.33; 
Fig. 1). This division was also used in territory 
site comparisons.
Results
Frequency of nest cavity reuse and 
abundance of multi-cavity trees
A total of 520 nest trees were found during the 
study, of which 507 were original nest trees of 
the three-toed woodpecker. In nine trees, an old 
cavity of the great spotted woodpecker, and in 
four nest trees nest-boxes instead of a cavity 
were used. In two of the nest trees where old 
cavities of the great spotted woodpecker were 
used, there were also cavities of the three-toed 
woodpecker; these were classified as “real” nest 
trees of the three-toed woodpecker. The total 
number of observed active nest cavities was 
645 that included 630 cavities excavated by the 
three-toed woodpecker, 11 old cavities of the 
great spotted woodpecker, and 4 nest boxes.
Three-toed woodpeckers reused old nest cav-
ities rather often as a total of 211 cases were 
recorded: 11 of those were old cavities of the 
great spotted woodpecker, 5 were nest boxes, 
and all other 195 were old cavities of the three-
toed woodpecker. Altogether 833 active nestings 
were observed in the study area, and thus 25.3% 
of nestings were situated in reused cavities. Nest 
reuse was observed in 28.2% of all cavities and 
in 25.4% of all nest trees (Table 1).
The total numbers of active nest cavities and 
nestings per nest tree were 1–8 and 1–13, respec-
tively (Fig. 2). During the study period, there 
were 78 nest trees with more than one active nest 
cavity, hence the total proportion of multi-cavity 
nest trees was 15.0% (or 15.4% if only “real” 
nest trees are included).
The most prominent feature of the cavity reuse 
was that a new-excavated nesting cavity was used 
by the three-toed woodpecker also in the follow-
ing year; there were 112 such cases amounting 
to 53.0% of all cavity reuses. There were also 10 
cases of the nest cavity being reused also in the 
third year, but other type of cavity reuse during 
successive years was uncommon (only four cases 
detected). Cavity reuse was detected up to 19 
years after the first nesting, and up to four active 
nestings in the same cavity were recorded (Fig. 2).
The role of multi-cavity trees in nest 
reuse
In spite of the relatively low number of nest trees 
(see above), in multiple-cavity trees there were 
in total 203 active nest cavities and 335 active 
nestings, which makes almost a third (31.8%) 
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Table 1. The occurrence patterns of multi-cavity trees in three-toed woodpecker population. The following statistics 
are presented at the levels of nest trees, cavities and nestings: Nall is the number of all units in the study, Nmulti is the 
number of multi-cavity trees or units in multi-cavity trees, multi% = Nmulti/Nall ¥ 100 is the percentage of multi-cavity 
trees or units in multi-cavity trees, Nreused is the number of units with reuse observed, re% = Nreused/Nall ¥ 100 is the 
percentage of units with reuse observed, Nre+mul is the number of multi-cavity units with reuse observed, remulti% = 
Nre+mul/Nreused ¥ 100 is the percentage of units with reuse observed in multi-cavity trees of all units with reuse 
observed, Pre,mul = Nre+mul/Nmulti is the incidence of multi-cavity units with reuse observed in all multi-cavity units, and 
Pre,single = (Nreused – Nre+mul)/(Nall – Nmulti) is the incidence of single-cavity units with reuse observed in all single-cavity 
units. The high incidence (P) levels of cavity reuse in multiple-cavity trees describe strong relation between cavity 
reuse and multiple-cavity trees as compared with single-cavity trees: at the tree level: Pre,mul = 0.80 vs. Pre,single = 
0.16, z = 12.2, p < 0.001; at the cavity level: Pre,mul = 0.56 vs. Pre,single = 0.16, z = 10.5, p < 0.001; at the nesting level: 
Pre,mul = 0.66 vs. Pre,single = 0.15, z = 8.80, p < 0.001.
Level Nall Nmulti multi% Nreused re% Nre+mul remulti% Pre,mul Pre,single
Nest trees 520 78 15.0 132 25.4 63 47.7 0.80 0.16
Cavities 645 203 31.8 182 28.2 113 62.1 0.56 0.16
Nestings 833 335 40.2 211 25.3 139 65.9 0.66 0.15
n = 630n = 507 n = 507 n = 187a b c d
Fig. 2. Patterns of nest-tree and cavity reuse by the three-toed woodpecker: (a) cavities in nest trees, (b) nestings 
in nest trees, (c) nestings in cavities, and (d) nestings in cavities in time after the fresh cavity.
of all cavities and 40.2% of all nestings, respec-
tively. The multi-cavity trees comprised 47.7% 
of all the trees with reused cavities, 62.1% 
of all reused cavities were in the multi-cavity 
trees, and 62.9% of all nestings were in reused 
cavities. The high incidence of cavity reuse in 
multiple-cavity trees indicates strong connection 
between cavity reuse and multiple-cavity trees as 
compared with respective incidences in single-
cavity trees (see Table 1).
Timing of nesting in reused cavities and 
in multi-cavity trees
As revealed by the Kruskal-Wallis test, there was 
a significant (p < 0.05) difference in timing of 
nesting among the three different cavity types 
in 17 of the 20 study years (Table 2) which 
clearly supports our hypothesis. However, after 
Bonferroni correction, as a total of 20 different 
comparisons were made, 11 of the differences in 
timing were still significant. When the timing of 
nesting in a given year was compared between 
freshly excavated cavities and reused cavities 
(either freshly excavated or already reused in the 
previous year), in 8 out of the 20 years for which 
the comparisons were made nesting took place 
significantly earlier (Dunn’s test: p < 0.05) in 
the reused than in the freshly excavated cavities; 
those differences, however, became insignificant 
at the Bonferroni-corrected significance level 
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(p < 0.0025). The nestings in reused cavities 
with a time-lag of two years or more after the 
previous nesting began generally later than both 
nestings in fresh cavities (Dunn’s test: p < 0.05, 
8 cases; p < 0.0025, 5 cases) and nestings in 
reused cavities in the successive year after the 
fresh or reused cavity (Dunn’s test: p < 0.05, 12 
cases; p < 0.0025, 4 cases) (Table 2).
Nestings in multi-cavity trees began earlier 
than in single-cavity trees in each of the 20 study 
years; and based on the results of the Mann-
Whitney U-test, there were 12 (p < 0.05) and 5 
(p < 0.0025) significant between-year differences 
in timing of the nesting (Table 2). Thus there was 
a general tendency for earlier nesting in multi-
cavity trees than in single-cavity trees when three-
toed woodpecker nested in fresh cavities.
Nesting success in reused cavities and 
in multi-cavity trees
Nesting success was generally rather high; 
90.9% of all the active nestings (n = 833) and 
90.0% of active nestings in cavities excavated 
by the three-toed woodpecker (n = 817) were 
successful. There were differences in nesting 
success between new and old cavities: in all new 
cavities (n = 622) it was 89.9%, but in all old 
cavities (n = 211) and in old three-toed wood-
pecker’s cavities (n = 195) it was 93.8% and 
94.4%, respectively. The differences were statis-
tically nearly significant (test of two proportions: 
all new versus all old: z = 1.73, p = 0.08; all new 
versus all old three-toed: z = 1.91, p = 0.06), 
again supporting our hypothesis.
The nesting success in the second-year old 
cavities of the three-toed woodpecker (n = 112) 
was 97.3%, which was significantly higher than 
in new cavities (z = 2.54, p = 0.01) or in all other 
old cavities (nesting success 90.4%, n = 83, z = 
2.08, p = 0.04).
There was a clear dependence between nest-
ing success in the previous year and the reuse 
of cavity in the following year: in all cases (n = 
126) successive nesting in the same cavity in the 
following year was preceded by successive nest-
ing in the previous year. In other cases of reuse 
of three-toed woodpecker cavities (n = 69), only 
two nestings were detected in cavities where 
nesting had previously been unsuccessful. This 
points out the link between the history of the nest 
site and its future reuse.
The total success of active three-toed wood-
pecker nestings in multi-cavity trees (n = 335) 
was 94.3%, whereas nestings in single-cavity 
trees (n = 498) was successful only in 88.6% of 
the cases; the difference was statistically signifi-
cant (z = 2.84, p = 0.005). There was also a sta-
tistically significant difference in nesting success 
in new cavities and no difference in nesting suc-
cess in reused ones when comparing multi- and 
single-cavity trees [new cavities in multi-cavity 
trees (n = 196, nesting success 93.9%) versus new 
cavities in single-cavity trees (n = 426, nesting 
success 88.0%) trees: z = 2.25, p = 0.025; reused 
Table 2. Patterns of timing of successful nestings in various types of cavities and nest-trees during the study period 
of 20 years (1996–2015).
Comparisons of differences in Type of difference No. of years that differed significantly
timing of successful nestings observed 
  at p < 0.05 at Bonferroni-corrected
   p < 0.0025
Timing of nesting in fresh, reused successive, General difference 17 11
 and lag-reused cavities in timing
Difference between fresh and reused successive Reused successive 8 0
 cavities cavities earlier
Difference between reused successive and Reused successive 12 4
 lag-reused cavities cavities earlier
Difference between fresh and lag-reused Fresh cavities 8 5
 cavities earlier
Timing of nesting in single- and multi-cavity Multi-cavity trees 12 5
 trees earlier
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cavities in multi-cavity trees (n = 139, nesting 
success 95.0%) versus reused cavities in single-
cavity trees (n = 72, nesting success 91.7%) trees: 
z = 0.94, p = 0.35]. The better overall nesting suc-
cess in multi-cavity trees thus results from both 
better nesting success in new cavities and much 
greater incidence of reused cavity nestings with 
high nesting success as compared with that in 
single-cavity trees (Table 1).
Nest and tree reuse and nesting success 
at territory level
There was a positive correlation between ter-
ritory occupancy and proportion of nestings in 
reused cavities (Spearman’s correlation: rS = 
0.76, p < 0.001, n = 86), and territory occupancy 
and proportion of nestings in multi-cavity trees 
(rS = 0.71, p < 0.001, n = 86). However, we did 
not detect any dependency between territory 
occupancy and nesting success (rS = 0.03, p = 
0.80, n = 86). On the other hand, there was a 
positive correlation between territory occupancy 
and total number of successful nestings (rS = 
0.93, p < 0.001, n = 86), and also between terri-
tory occupancy and quality (rS = 0.62, p < 0.001, 
n = 86) that emphasize the importance of territo-
ries which are frequently occupied as compared 
with short-term territory sites.
When all territory sites (n = 86) were classi-
fied as either almost continuously occupied core 
territories (n = 34, mean occupancy = 0.97) or 
other territories (n = 52, mean occupancy = 0.33), 
proportions of nestings both in reused cavities and 
in multi-cavity trees were significantly higher in 
core territories, which indicates a spatial effect 
and supports our hypothesis. In core territories, 
29% of all active nestings were in reused cavities 
and almost half of them (48%) in multi-cavity 
trees, but in other territories the respective pro-
portions were only 8% and 9%, respectively. 
Territory quality was also significantly better in 
core territories than in other territories, but there 
was no significant difference in nesting success 
between the territory types (Table 3).
Discussion
In our study, we found that cavity and tree reuse 
were quite common in the three-toed wood-
pecker. Furthermore, the specific hypotheses 
we stated received clear support. Based on the 
results we conclude that (1) reuse allows a pair 
to initiate breeding earlier, (2) nesting success 
is better in reused cavities than in fresh cavities, 
and (3) reuse of cavities is more frequent in core 
population area suggesting that reuse is related 
to territory and habitat quality.
Reuse or excavate?
Why should woodpeckers reuse old cavities 
and nest trees instead of excavating in a new 
nest tree? One obvious reason would be saving 
time and energy which is needed to excavate a 
cavity and allocating it to e.g. feeding or resting. 
According to Sollien et al. (1978) the three-toed 
woodpecker needs 12 days to complete a hole. 
In our study area, in five cases when cavity 
excavation could be followed from the early start 
to completion the time needed varied between 
Table 3. Characteristics of three-toed woodpecker territories. All territory sites (n = 86) were divided to more or less 
continuously occupied core territories and other territories. Mean territory quality and nesting success as well as 
mean proportions of nestings in old cavities (propreused) and in multi-cavity trees (propmulti) are also presented. These 
territory measures were calculated as arithmetic means of respective single territory values. There was a significant 
difference in territory quality, propreused and propmulti between core and other territories but the difference in nesting 
success was not significant (Mann-Whitney U-test: territory quality: U = 212.0, propreused: U = 168.5, propmulti: U = 
203.5, p < 0.001 for all cases; nesting success: U = 861.5, p = 0.84).
Territory site N Occupancy Territory quality Nesting success Propreused Propmulti
Core 34 0.97 0.74 0.92 0.29 0.48
Other 52 0.33 0.50 0.85 0.08 0.09
All 86 0.59 0.60 0.88 0.16 0.24
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8 and 18 days (median of 11 days; T. Pakkala 
unpubl. data). Woodpeckers differ in the selec-
tion of nest tree species and condition, and thus 
the effort required to excavate a new cavity 
varies between woodpecker species (Short 1979, 
Winkler & Christie 2002, Wiebe et al. 2007).
Many woodpecker species, including the 
three-toed woodpecker, are known to excavate 
several unfinished cavities each spring before 
the actual nesting cavity is made ready (Blume 
1968, Ruge 1974, Cramp 1985, Pechacek & 
d’Oleire-Oltmanns 2004, Pakkala et al. 2006). 
Old, unfinished cavities can be completed even 
several years later and turned to nesting cavities 
(Blume 1968, Ivanchev 1997, Rolstad et al. 2000, 
Matsuoka 2010). In three cases when the time 
three-toed woodpeckers needed to complete old, 
unfinished cavities could be accurately estimated 
by observation, the excavation took 5, 7 and 8 
days (T. Pakkala unpubl. data). These times were 
significantly shorter than needed to excavate a 
new cavity, but the excavation time varies much 
depending on the completeness of the old cavity.
The three-toed woodpecker and many other 
woodpecker species commonly start to exca-
vate several holes in the same tree (Schifferli & 
Ziegeler 1956, Blume 1968, Ruge 1974, Pakkala 
et al. 2006, Matsuoka 2010). These “trial holes” 
are probably excavated to test the suitability of 
the nest tree, especially its hardness (Matsuoka 
2008, 2010, Lorentz et al. 2015). In our study, 
unfinished cavities and trial holes were espe-
cially common in multi-cavity trees, and they 
were regularly used as templates for new cavi-
ties. The use of unfinished cavities and trial holes 
can save some excavation time, but also less 
time and energy is needed to search and test suit-
able places for cavities (e.g. Short 1979). In any 
case, as considerable effort is allocated to cavity 
excavation, individuals using old cavities may 
profit from nesting earlier or being in better con-
dition which may increase their nesting success.
Why do woodpeckers then use so much 
energy and time to excavate a new cavity? One 
important reason is that quality of old cavities 
decreases in time (Wiebe 2001, Edworthy & 
Martin 2014). Also life-span of nest trees is lim-
ited; cavities in living trees whose wood is  hard 
may generally be suitable for much longer than 
those in dead or decaying trees (Wesołowski 
2011, Blanc & Martin 2012, Edworthy et al. 
2012). If suitable old cavities are available, deci-
sions made by birds whether to reuse a cavity 
or excavate a new one depend on what the costs 
and benefits of these two options are. The out-
come is seen at the population level as propor-
tions of cavity reuse by woodpecker species.
Cavity and tree reuse patterns in the 
three-toed woodpecker and its relatives
We detected quite high proportions of cavity 
(25.3%) and tree (15.0%) reuse by three-toed 
woodpecker considering that in earlier stud-
ies this behaviour was seen as occasional (e.g. 
Svärdson & Durango 1950, Haftorn 1971, Win-
kler & Christie 2002). Scattered observations of 
three-toed woodpeckers breeding in nest-boxes 
exist (Hortling 1929, von Haartman et al. 1963–
1972, Ryssy 2004, Bolund 2010), indicating its 
potential to use old cavities. However, Wiebe et 
al. (2006) did not detect any cavity reuse in the 
three-toed woodpecker or in the American three-
toed woodpecker Picoides dorsalis. In southern 
Finland, cavity reuse proportions of 5%–10% 
were found in three-toed woodpecker popula-
tions in the areas neighbouring that of our study 
(H. Lokki pers. comm., T. Nurmi pers. comm., P. 
Pouttu pers. comm.).
Also the North American black-backed 
woodpecker Picoides arcticus, a close relative 
of the three-toed woodpecker, reuses cavities 
although at smaller rates than what we found 
(2.8%–7.1%; Dixon & Saab 2000, Saab et al. 
2004, Wiebe et al. 2006). Of the north European 
woodpecker species, cavity reuse has commonly 
been observed in the black woodpecker Dryoco-
pus martius and the great spotted woodpecker 
(Dementiev & Gladkov 1966, Glutz & Bauer 
1980, Cramp 1985). The variation in the pro-
portion of reuse between different populations 
of these species was rather large (cf. Wiebe et 
al. 2006). In studies at northern latitudes with 
large data sets, the cavity reuse proportions were 
very near our results: in the black woodpecker 
26.0% in southern Sweden (n = 264; Nilsson et 
al. 1991) and 30% in central Norway (n =106; 
Rolstad et al. 2000), and in the great spotted 
woodpecker 25.8% in western Russia (n = 198; 
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Ivanchev 1997) and 21.4% in southern England 
(n = 135; Smith 1997). However, in a large data 
set on the black woodpecker in southern Finland 
(n = 300; P. Pouttu pers. comm.) the cavity reuse 
was even more common (ca. 60%) than excavat-
ing new cavities.
In general there are only few studies on 
multi-cavity trees of northern woodpecker spe-
cies. In the well-studied woodpecker species 
multi-cavity trees have commonly been observed 
e.g. in the northern flicker Colaptes auratus 
(e.g. Lawrence 1967, Moore 1995, Fisher & 
Wiebe 2005), great spotted woodpecker (propor-
tions of multi-cavity trees between 8%–49%; 
Hågvar et al. 1990, Hansson 1992, Glue & 
Boswell 1994, Stenberg 1996, Mazgajski 1998), 
and black woodpecker (25%–47%; Hågvar et al. 
1990, Rolstadt et al. 2000, Kosiński et al. 2011). 
Nest tree reuse has been occasional or absent 
in the three-toed woodpecker in central Europe 
(Pechacek 2001, Pechacek & d’Oleire-Oltmanns 
2004, P. Pechacek pers. comm., K. Ruge pers. 
comm.) or in eastern Finland (P. Fayt pers. 
comm., J. Lakka & T. Nurmi pers. comm.). In 
southern Finland proportions of 15%–20% were 
found in areas near our study area (J. Ahola & M. 
Nääppä pers. comm., P. Pouttu pers. comm.), and 
Stenberg (1996) found a proportion of 20% of 
nest tree reuse in western Norway. Although the 
big picture is not clear because of the scarcity of 
population studies of the three-toed woodpecker, 
the structure and dynamics of forest environment 
may play role in the proportion of cavity and 
tree reuse at the territory and population levels, 
a topic discussed in the last section of this paper.
Three-toed woodpeckers in old cavities 
and nest trees
Early breeding has generally been considered 
to correlate positively with a larger number of 
offspring in various bird groups (Perrins 1970, 
Nilsson & Smith 1988), a pattern observed also 
in woodpeckers (e.g. Hogstad & Stenberg 1997, 
Wiktander et al. 2001, Fayt 2003, Mazgajski 
2002, Pechacek 2006, Smith 2006). Wiebe et al. 
(2007) found that in 6 out of 8 population stud-
ies average laying dates were earlier in reused 
cavities, but only two of the differences were 
statistically significant, partly because of small 
sample sizes. Cavity reuse may offer a rapid 
adjustment to varying conditions during the 
breeding season. For example, in a large study 
of the northern flicker during 1998–2006 (a total 
of 1006 nesting attempts with cavity reuse of 
63.1%; Wiebe et al. 2006, 2007) there was no 
difference in the timing of first nests between 
new and reused cavities, but a greater proportion 
of second nests were in old cavities.
In our study, three-toed woodpecker nest-
ings in reused cavities represented two types: (1) 
nesting in a cavity which was either excavated 
or reused in the previous year, and (2) nesting 
with a time-lag of two years or more after the 
previous nesting. In group 1 nestings were early 
and very successful, but in group 2 very late 
with nesting success at the level of fresh cavi-
ties. These types are connected to quite different 
situations: in (1), there was cavity reuse after 
a successful previous-year nesting, but in (2), 
there were usually some problems with com-
mencement of nesting or the first nesting attempt 
was interrupted. Usually several factors simulta-
neously affect a cavity nester’s decision whether 
to excavate a cavity or reuse an old one and pos-
sible timing of nesting initiation. Accordingly 
differences in nesting success between fresh and 
reused cavities should be compared in a proper 
context. For example, in case of group 2 the 
nestings are expected to be late and nesting suc-
cess usually below average. However, the cavity 
reuse may allow the three-toed woodpecker to 
adjust nesting time more efficiently within the 
breeding season, because time needed to find 
suitable cavities and for excavating can be saved.
The majority of nestings in reused cavities 
were in second year’s cavities after a success-
ful nesting in the first year. If nesting in a fresh 
cavity was unsuccessful, the cavity was not 
used in the successive year and very rarely even 
in the later years. Based on the observations 
of colour-ringed birds, mostly same individuals 
used the cavity in successive years indicating 
that a memory of the history of the nest cavity 
has an effect. This pattern is consistent with 
results of studies of various cavity-nesting bird 
species, e.g. the goldeneye Bucephala clangula 
(Dow & Fredga 1983), Tengmalm’s owl Aego-
lius funereus (Sonerud 1985), black woodpecker 
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(Nilsson et al. 1991), pied flycatcher Ficedula 
hypoleuca (von Haartman 1949), and great tit 
Parus major (Harvey et al. 1979).
As previously discussed, nest trees decay in 
time and quality of cavities decreases. Although 
we had no information on quality of the three-
toed woodpecker’s cavities, it can generally be 
assumed that second year’s cavities are rather 
similar in quality to fresh ones. The cavity 
reuse patterns in our study and similar patterns 
observed in those few other studies of wood-
peckers with information on long-term use of 
cavities indicate that reuse patterns reflect gen-
eral cavity condition patterns after excavation. 
Ivanchev (1997) detected 80.0% (24 of 30) of 
reused nestings of the great spotted woodpecker 
in second year’s cavities, and Smith (1997) 
respectively 41.4% (12 of 29) in second and 
34.5% (10 of 29) in third year’s cavities, but the 
possible timing and nesting success were not 
compared among different types of reused cavi-
ties in those studies. Pekka Pouttu (pers. comm.) 
estimated that at least 50% of the observed 
cavity reuses by the black woodpecker con-
cerned second year’s cavities. There is, however, 
individual variation in nest tree and cavity decay 
times, and reuses observed several years after 
excavation show that part of the cavities still 
remained in suitable condition for the three-
toed woodpecker over long periods. We did not 
analyze properties of nest trees in this study, but 
several trees which were continuously used and 
majority of multi-cavity trees were middle-sized 
living Norway spruce, Picea abies, located usu-
ally in glens dominated by spruce swamps (T. 
Pakkala unpubl. data). In this type of environ-
ment nest trees often remain standing and are in 
proper condition for adequate long-term use.
Nestings in fresh cavities began earlier in 
multi-cavity than in single-cavity trees. We think 
that this may result from a regular use of unfin-
ished cavities or trial holes in multi-cavity trees 
as templates for creation of new cavities, which 
enables a more rapid commencement of nest-
ing than in new nest trees, because less time 
is needed for seeking suitable nest places and 
excavating a cavity from the beginning. Nest-
ing success was better in multi-cavity trees than 
in trees with single cavity. Nesting during suc-
cessive years in new cavities was detected in 
many multi-cavity trees when previous year’s 
nesting in the same tree was successful. This 
pattern, quite similar to successive nesting in the 
same cavity described above, can partly explain 
the better nesting success both in fresh and all 
cavities of multi-cavity trees as compared with 
respective nestings in trees with a single cavity. 
Although trees with old cavities attract attention 
of woodpeckers, and three-toed woodpeckers 
regularly visited old nest trees within their ter-
ritory during the breeding season, it has also 
been argued that hole-nesting bird species may 
avoid multi-cavity trees for nesting as they may 
be perceived as low quality trees; e.g. such trees 
are at risk of falling or getting damaged (Aitken 
& Martin 2004). Predation risk (see below) or 
interference competition (Hågvar et al. 1990 
and below) can also decrease the use of old nest 
trees. However, if the nesting place is safe and 
nest tree still suitable for cavity excavation, new 
cavities in an old nest tree can in the long run be 
a better option than reuse of old cavities which 
may have decreased in quality.
Old cavities are presumed to be more sus-
ceptible to predation than freshly excavated ones 
because predators may have learned their loca-
tions (Sonerud 1985, 1989). For example in the 
black woodpecker, nest predation by pine marten 
Martes martes was more frequent in reused 
cavities than in new ones (Nilsson et al. 1991). 
However, Wiebe et al. (2007) reviewed studies 
on cavity nesting birds and did not find any clear 
differences in nesting success between fresh 
and reused cavities. Nesting success of north-
ern flickers was slightly better in new cavities 
(Wiebe et al. 2007), and the success of the great 
spotted woodpecker either did not differ between 
fresh and reused cavities (Ivanchev 1997, Maz-
gajski 2002) or was slightly better in reused 
cavities (Smith 1997). Rolstad et al. (2000) did 
not detect a difference in predation rates between 
old and new cavities in the black woodpecker, 
and the rates did not correlate with the number of 
old holes adjacent to the nests. The new-cavity 
excavation process may also provide cues to 
potential nest predators, a subject that has so far 
not been studied (e.g. Wiebe et al. 2007).
Ectoparasitism has been considered an 
important negative factor in bird nest reuse (e.g. 
Loye & Zuk 1991, Møller 1997), also in cavity-
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nesting species (Mazgajski 2007a, Wiebe 2009). 
Changing of a nest site could reduce parasitism 
rates (Collias & Collias 1984, Hansell 2000), 
and woodpeckers could avoid parasites by exca-
vating new cavities (Short 1979). However, there 
are only few studies about the significance of 
ectoparasitism in bird species breeding in natural 
cavities (cf. Wesołowski & Stańska 2001, Tomȧs 
et. al. 2007); these studies do not show clear dif-
ferences between freshly excavated and reused 
cavities (Wiebe 2009). As woodpeckers do not 
bring extra nest material to cavities and clean 
reused cavities before breeding (e.g. Short 1982, 
Winkler & Christie 2002), also the difference in 
ectoparasite pressure between fresh and reused 
cavities is probably small.
We had no exact data on the causes of nest 
losses or interruption of nestings, but based on 
the field observations unfavourable, cold and 
rainy weather and interference of the great spot-
ted woodpecker were the most obvious ones 
(Pakkala et al. 2006, see below). In some cases 
nesting was interrupted because the nest tree 
had fallen due to heavy winds or the other adult 
bird had died during the nesting. Observed cases 
in which most potential nest predators, small 
mustelids Mustela ssp., red squirrel Sciurus vul-
garis, pygmy owl Glaucidium passerinum or 
great spotted woodpecker (Glutz & Bauer 1980, 
Pakkala et al. 2006) could have been involved 
were rare, and we think that nest predation may 
not be a very important factor lowering nest-
ing success. As nesting success was in general 
high, we think that in our study area predation 
risk probably plays a minor role in cavity or tree 
reuse by the three-toed woodpecker, although 
predation rates may be underestimated especially 
in early nesting phases. However, predation risk 
may vary geographically and be more important 
e.g. in southern populations of the species in cen-
tral Europe where cavity or tree reuse has been 
found to be very rare (Pechacek 2001, 2006, 
Ruge 1974, P. Pechacek pers. comm., K. Ruge 
pers. comm., T. Wesołowski pers. comm.).
Cavity and interference competition with 
other cavity-nesting bird species can affect nest-
ing success and timing of nesting of the three-
toed woodpecker (Pakkala et al. 2006), and may 
also affect cavity reuse. Few studies documented 
that starlings Sturnus vulgaris take over freshly 
excavated woodpecker holes or that other sec-
ondary cavity nesters aggressively compete for 
existing cavities (Glutz & Bauer 1980, Cramp 
1985, Mazgajski 2003, Wiebe 2003, Fisher & 
Wiebe 2005, Smith 2006). The starling is a rare 
breeding bird in our study area, and it was not 
observed to use three-toed woodpecker’s cavi-
ties, but the pygmy owl and great spotted wood-
pecker are common cavity-nesting species at 
three-toed woodpeckers nest sites (Pakkala et al. 
2003, 2006). Both of them generally start nest-
ing earlier than the three-toed woodpecker, and 
thus they were rarely observed to take over fresh 
cavities but instead regularly used old cavities of 
the three-toed woodpecker. The pygmy owl and 
great spotted woodpecker preferred multi-cavity 
trees when they used old three-toed woodpecker 
cavities, and especially the pygmy owl often 
used the same nest tree during many successive 
years (T. Pakkala unpubl. data), thus making its 
use impossible for the three-toed woodpecker. 
The negative effects of these species are thus 
most probably due to interference with the three-
toed woodpecker that may lead to shifts in 
nest site location and late nesting with the gen-
eral consequence of increased cavity reuse but 
decreased nesting success.
Cavity and tree reuse at territory and 
population levels: adaptations in 
dynamic forest landscape
We detected substantial spatial variation in 
cavity and tree reuse in our study population. 
This aspect of cavity reuse has not been studied 
before in forest-dominated landscapes. The most 
prominent feature was the difference between 
core and other territories; the cavity and tree 
reuse were significantly more common in long-
term core territories occupied almost continu-
ously. The relatively large proportions of cavity 
and tree reuse are interesting because the three-
toed woodpecker is generally considered a spe-
cies adapted to disturbance dynamics in northern 
boreal forests (e.g. Winkler & Christie 2002, 
Fayt et al. 2005). Disturbances like windfalls, 
forest fires and floods create biotopes with dead 
and decaying wood suitable for saproxylic bee-
tles making those areas favourable for the three-
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toed woodpecker. Suitable effects of distur-
bances may often be short-termed and three-toed 
woodpeckers then have to move to new areas. 
This kind of spatially variable environment may 
enhance excavation of new cavities near food 
resources.
Earlier studies in our area revealed signif-
icant positive correlations between the prob-
ability of territory occupancy and forest age, 
structural diversity and small-scale heterogene-
ity at various spatial scales (Pakkala et al. 2002, 
2006, 2014). Competitors for nest holes, the 
pygmy owl and great spotted woodpecker (see 
previous section), were also common especially 
in long-term territories (Pakkala et al. 2003, 
2006) but probably the structural complexity 
and high amount of nest holes and multi-cavity 
trees allowed coexistence of competing species 
and offered better possibilities for the three-toed 
woodpecker to use old cavities as compared 
with short-term territories. As cavity reuse was 
very common especially in core territories of our 
study, it may be linked to population structure 
of the three-toed woodpecker and also indicate 
overall quality of territories.
Core territory sites of the three-toed wood-
pecker show that even in a dynamic forest land-
scape some parts may remain relatively undis-
turbed even over longer periods. As described 
earlier, various disturbances affected the forest 
landscape in our study area before and during the 
study period. However, in many cases the spatial 
scales of the processes creating favourable areas 
for the three-toed woodpecker were consider-
ably smaller than its territory size and they were 
often located within or close to old territory sites. 
Observations of radio-tracked three-toed wood-
peckers also reveal that commonly used feeding 
places can be at relatively long distances from 
nest sites (Pechacek 2004, Pakkala et al. 2005). 
Thus in this kind of an environment, especially 
in areas of core territories, changes in the nesting 
location are not necessarily needed, and cavity or 
tree reuse may be a good option for nesting.
Since the numerical response of a three-toed 
woodpecker breeding population to favourable 
disturbances in forest landscape can be consider-
able (see Fayt et al. 2005), recruits from outside 
the local population must be involved. In such 
cases spatial scales of disturbances were usually 
larger than in our study, even tens or hundreds 
of square kilometers. We should expect a high 
proportion of nesting in freshly excavated cavi-
ties when three-toed woodpeckers settle down 
in new areas, but depending on the length of the 
disturbance, affecting e.g. availability of food 
items, cavity reuse may later be beneficial near 
food resources.
The ability to use old cavities and nest trees 
is an important adaptation of the three-toed 
woodpecker in dynamic forest landscapes. How-
ever, the role of reuse in population development 
and persistence of the species in various forest 
environments has not yet been studied. Although 
our observations of cavity and tree reuse being 
associated with early nesting and high nesting 
success emphasize their significance, we must 
bear in mind that the reuse proportion in any 
population of the species depends on the relative 
amounts, distribution and sizes of more stable 
and disturbed forest areas that can vary consider-
ably in different types of forest environments.
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Appendix
Inaccuracy and bias of three-toed woodpecker censuses and their effects on results
The great majority of the three-toed woodpecker censuses were carried out by the first author with a 
thorough knowledge of the study area and potential territory sites of the species. However, with high 
and standardized census efficiency, even the nests with big nestlings are not always easy to detect. We 
consider that there are two cases where the variation in census efficiency can modify the results: (1) 
old nest cavities were observed more efficiently than new cavities because all previously observed old 
cavities were systematically checked and thus also multi-cavity trees were observed more efficiently 
than single-cavity trees; (2) nest cavities with big nestlings were more easily detected than those with 
small nestlings or eggs, not to mention especially those where nesting had been interrupted before the 
nestling period. The observed proportions of cavity and nest reuse may therefore be overestimates 
and proportions of fresh cavities in single-cavity trees underestimates. The risk that an occupied ter-
ritory site remains undetected during the annual breeding season is most probably small, but the inef-
ficiency of finding all active three-toed woodpecker nestings leads to underestimation of territory site 
quality. As active nestings that are interrupted before the nestling period are more probably missed 
than cavities with nestlings, nesting success levels are consequently overestimations and predation 
rates underestimations.
During the early years of the study, 1987–1993, eight active nestings were detected in old cavities 
whose excavation year was not known. All of them were clearly in cavities older than two years and 
they were classified as all other nestings in reused cavities. As the amount of these observations was 
very small as compared with the total observation number and they are not even included in the analy-
ses of timing of nesting, we assume that possible inaccuracies in their classification are negligible as 
regards any results of the study.
As all cavities and nest trees found in previous years were systematically checked in each study 
year, the old nest cavities and multiple-cavity trees were more efficiently recorded than fresh cavities 
in new nest trees. The recorded proportions of cavity and tree reuse are therefore probably overesti-
mations. It was difficult to correct directly the reuse proportions because we did not know the types 
and numbers of cavities that were not found. The mean quality of all territories weighted by occu-
pancy was 0.66 (Table 3), and thus in 34% of all cases with at least territorial behaviour observed no 
active nesting was detected. At least in 15% of the cases with territorial behaviour, nesting did not 
proceed to active phase during the study period. So in the remaining 19% of the above-mentioned 
cases there was a possibility of an active nesting in the territory site that was not observed in the field. 
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Assuming that all these non-observed active nestings were in fresh cavities of single-cavity nest trees, 
we get minimum values for cavity and tree reuse by multiplying the observed values by 0.66/(0.66 + 
0.19) = 0.78. Thus the adjusted minimum values are (original values in parenthesis): 19.7% (25.3%) 
of nestings in reused cavities, nest reuse in 22.0% (28.2%) of all cavities and in 19.8% (25.4%) of 
all nest trees, the total proportion of multi-cavity trees 11.7% (15.0%), proportion of cavities 24.8% 
(31.8%) and nestings 31.4% (40.2%) in multi-cavity trees.
In general, the time when big nestlings are in nests is the most efficient period to find three-toed 
woodpecker nests. In almost each of the study year there were some very late nestings which could 
be missed more often than early nestings, especially in fresh cavities of new nest trees. So there may 
be a small bias in the timing of nestings in fresh cavities which actually could on average be some-
what later than observed. This pattern makes the observed timing differences between fresh cavities 
and cavities reused in successive years and between nestings in single- and multi-cavity trees even 
greater, but on the other hand decreases the observed timing difference between fresh and lag-reused 
cavities (see Table 2). However, because the annual censuses were adjusted to the phenology of three-
toed woodpecker’s nesting time, and the numbers of very late nestings were quite small, we do not 
think that the inaccuracies of census results affect in a meaningful way the results of comparisons of 
nesting timing.
The possible bias resulting from missing some active nestings in the field causes territory quality 
measures of core and other territories to be underestimates. We can calculate the corrected values by 
multiplying the respective averages, 0.74 (core) and 0.50 (other) by (0.78/0.66) arriving at 1.18 (cf. 
Table 3 and see above), and so we get corrected quality estimates of 0.87 (core territories) and 0.59 
(other territories) that differ significantly from each other (test of two proportions: z = 2.77, p < 0.01). 
Thus the possible inaccuracy of censuses does not affect the observed general patterns of territory 
quality.
